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1. 

1.1 

2.0 

2.1 

Abstract 

This repor t  has been prepared i n  f u l f i l l m e n t  of Exhibi t  E of cont rac t  
I ? A S - ~ - l l O O  and item one and two of Reference 1. 

The purpose of t h i s  repor t  i s  t o  es tabl ish a j u s t i f i c a t i o n  for l O C 8 t -  
ine; equipment i n  either the  in s ide  or outs ide equipment bay of the  
ascent  vehicle  (reference I). 
as bases for such a determination by many people. The result of a 
discr lminate  ana lys i s  follows. 

Wny f ac to r s  w e r e  proposed and digested 

Surfwiry: Factors were considered that influenced the  loca t ion  of 
equipment relative to the i n s ide  o r  outside equipment bays of the 
ascent  vehicle .  Examination a n d . c l a s s i f i c a t i o n  reduced t h e  f a c t o r s  
to those that do or do not have material bearing. 
inves t iga ted  f i r s t  and catalc;uec!. Subset xuently, t he  minimum bas ic  
f ac to r s ;  i . e .  weight and balance, acous t i ca l  operating Level, inter- 
chanceabi l i ty ,  l i n e s  runs and in - f l iLh t  maintenance prelaunch complex 

Neuter factors are 

c-nsidersti~pe , ~ r n v n  n r 4 . b  es+zblishcd s s  deteryAzir,g cr i ter ia ,  

The followiiiC r a t iona le  i s  based upon the present  state of knowledge 
ava i lab le  and w i l l  be  subject t o  revis ion.  
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4 .O 

4.1 

4.2 

4 .3  

4.4 

The locat ion of equipment in s ide  o r  outs ide the  crew coqmrtment 
pressure ves se l  i s  unaffected by the following considerations:  

1) Mechanical shock 7) Temperature 
2 )  Vibration 8 )  Common usage ( cos t  i t e m )  
3)  Meteoroid impact 9) L i f e  support equipment ( l imi ted  
4) Acceleration & gravi ty  10) R e l i a b i l i t y  
5 )  Radiation 11) Mape t i c  f i e l d  
6 )  High vacuum 

A b r i e f  examination o f  each of the above considerations w i l l  be made 
t o  e s t a b l i s h  the  reasoning f o r  the i r  elimination. 

k c h a n i c a l  shock 

The e f f e c t  on equipment from mechanical shock or ig ina t ing  outside 
t h e  LEM w i l l  be e s sen t i a l ly  the  same regardless  of the bay i n  which 
it w a s  located.  Such shocks are expected t o  occur as a r e s u l t  of 
e a r t h  launch, propulsion starts and s tops of modules o ther  than the  
LEM, lunar  landing and rendezvous docking. Any an t ic ipa ted  mechanical 
shock produced on the LEM would be i n s u f f i c i e n t  t o  adversely a f f e c t  
equipment regardless  of which equipment bay it may be located.  
Neglecting catastrophic  explosions as i r r e l a v e n t  here, i n t e r n a l  
mechanical shock i s  interpreted as conformhe, to  paragraph 3.4.3.3 
of reference 2. 

Vibration 

It i s  estimated t h a t  the worst case of v ib ra t ion  may be the result 
of ea r th  lclmch followed 5y pmered t h r m t  of the o ther  stages in-  
cludir,g LEM. 
i s  known, and probably even then, t l ~ e  r a i k ; e  of vibra t ion  t h a t  m u l d  
be experienced i n  both bays could be considered e s s e n t i a l l y  the  same 
(reference 4).  

(Chapter 3 of reference 3) .  Unt i l  the d e t a i l  s t ruc ture  

Meteoroid impact 

Meteoroid impact protection, i n  the form of a double w a l l  covering 
both bays, i s  present ly  being considered by Vehicle Design. The 
shielding should be su f f i c i en t  t o  meet the  requirements of r e l i a b i l i t y  
specif ied i n  paragraph 1.2.9.1 of reference 5. 
i ng  the level of protection afforded by the  shielding has been esta- 
b l i shed  i n  paragraph 4.2.2 of reference 2. Select ive loca t ion  of 
c r i t i c a l  equipment could provide supplementaJ protect ion by interpos-  
ing  of other  equipment. .Addi t ional  da ta  and background i s  obtainable 
from Chapter 8 of reference 3; and from Meteoroid Design Criteria 
f o r  LFM by L. G. S t  Leger of E C  (March 1963) for  sporadic meteoroids. 

Acceleration and gravity 

A formula f o r  determin- 

Gravity and o ther  l inear  acce lera t ions  will produce i d e n t i c a l  e f f e c t  
on equipment located i n  e i ther  equipment bay. { A n w l a r  acce lera t ions  
are not expected t o  be of any r e a l  s ignif icance.  The r e su l t an t  
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4.4 (Continued) , 
t r a n s l a t i o n a l  accelerat ion due t o  the combined e f f e c t  of t r a n s l a t i o n a l  
and ro t a t iona l  accelerat ion of t h e  vehicle  i s  not expected t o  reach 
the l i m i t  of t he  shock loading enwelope as defined by paragraph 
3.3.2.4.2 of reference 2. 

4.6 

4..7 

j i  .8 

4 . 9 

4.10 

Radiat.ion 

Radiation pro tec t ion  w i l l  be m i n i m a l  f o r  both equipment bays (para- 
graph 1.2.9.2 of reference 5 and paragraph k .  3.5 of reference 6). 
The double wall construction f o r  micrometeorite pro tec t ion  (paragraph 
4.3)  covering both the pressure vesse l  and the  outs ide equipment bay 
af fords  the  r ad ia t ion  protect ion conforming with the  above reference 
5. However, s ince semi-conductors a re  more suscept ible  t o  rad ia t ion ,  
u n i t s  containing t r a n s i s t o r s  should be located, i f  possible ,  so t h a t  
o ther  equipment may be counted upon f o r  a f u r t h e r  measure of protec-  
t i o n  (chapter 15, paragraph 1.1.1 of reference 4 )  

IIip;h vacuum 

High vacuum considerations can be, v i r t u a l l y ,  eliminated because of 
the  cont rac tua l  requirenent t h a t  the  equipment conform t o  paragraph 
2.2.11.2.2 of reference 6. Sealed units exposed t o  a small number of 
pressure h o p  cycles ,  w i l l  be e-qected t o  remain unaffected by them. 

Temperature 

The temperature range i n  both the inside and outs ide equipment bays 
w i l l  be e s s e n t i a l l y  the  same (J)aragraph 3.3.2.1 and 2.3.3.1 of 
refcrcncc 2). 

Common usage 

Common usage as a cos t  of procurement f a c t o r  i s  not  appl icable  here. 
When, and i f ,  common usage i s  t o  connote physical  conformity f o r  the  
purpose of interchangeabi l i ty  w i t h  CM components, then it s h a l l  be 
considered under interchangeabi l i ty  (1,arac;raph 5.4 ). 

L i f e  support equi2ment 

L i f e  support equipment, p e r  se, could be located i n  either bay. It 
i s  only when i n - f l i g h t  a c c e s s i b i l i t y  i s  coupled with it, t h a t  l i f e  
support i t e m s  a r e  r e s t r i c t e d  i n  locat ion.  
ment loca t ion  must be judged on i n - f l i g h t  a c c e s s i b i l i t y  (paragraph 

When it occurs, t he  equip- 

5 .5) .  . 

R e l i a b i l i t y  

An estimation of the  over-al l  r e l i a b i l i t y  of an i t e m ,  pe r  se, i s  t h a t  
it would not be mater ia l ly  affectec! by loca t ion  i n  e i t h e r  bay. 
f a c t o r s  such as maintenance, redundancy and/or r ep laceab i l i t y  would 
improve the  r e l i a b i l i t y  but w i l l  be examined skparately.  
ranre  (paragraph 4.7 ) , vacuum operation (paragraph 11. .6 ), r ad ia t ion  

External 

Temperature 
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4.19 

4.11 

5.0 

( Continued ) , 

protect ion (paragraph 4.5) and meteoroid pro tec t ion  (paragraph 4.3) 
appear t o  be more or less equalized as far as  p r e f e r e n t i a l  a t t r a c t i o n  
t o  one s i t e  or another. 
t u r e  and vacuum may be a minor dep-ee of hardship, but  SO i s  cyc l ic  
pressurizat ion and temperature f luc tua t ion .  
also may crea te  some problems. 

Incremental time exposure t o  extreme tempera- 

Water vapor presence 

&(metic f i e l d  

Mq-netic f ielas or iyinat ing from sources externa l  t o  t h e  LEM, w i l l  
have no bearinc on t h e  location of the equipment. No magnetic shield-  
in(  of the vehicle  i s  planned as such, and whatever value may be 
accrued from the metal l ic  ou ter  w a l l s  i s  expected to  be s u f f i c i e n t .  
Mape t i c  f i e lds  produced within the LEM a r e  a p o t e n t i a l  source of 
communication interference and garbled s igna ls  t o  other  equipment 
and/or systems. 
apparatus w i l l  require  a l i m i t a t i o n  of t ransmit table  ENI. 
have t o  he accomplished through use of shielding and f i l t e r s  which 
a r e  weighty. Thus, lencth of cable runs should be as shor t  as possible  
consis tent  with d e s i p  prac t ices  and maintenance requirements. Cable 
connectors w i l l  be required, bu t  should be l imi ted  t o  e s s e n t i a i  areas. 
U s e  of welded, w i r e  wrapped or crimped connections are t o  be considered 
wherever possible  because of weight and r e l i a b i l i t y .  

E lec t r ica l /e lec t ronic  cables,  equipment and operating 
This may 

(reference 7)  

I n f  luenc i n r  considerations 

Weiyht and complexity and trade-off i t e m s  which must be considered 
when evaluating locat ion of equipment, w i t h  respect  t o  ins ide  o r  out-  
side zcpipment bayc. Tho zize of t h e  crew compartment. pressure 
vessel  equipment tunnel i s  a function of the  equipment it must accom- 
modate. 
vessel ,  w i l l  increase the o v e r a l l  weight of the LEM by crea t ing  more 
pressurevesse l  surface area.  Th i s  may be a t t r i b u t e d  t o  two predomi- 
nant reasons. Packing density w i l l  be l o w  because of aisle space r e -  
quired and volume losses  due t o  the c y l i n d r i c a l  shape of t h e  tunnel. 

Growth t o  a c c o m d a t e  more equipment inside the  pressure 

The considerations influencing the locat ion of equipment are: 

1) Prelaunch complex considerations 
2 )  Weight and balance 
3 )  Acoustical operatinc l e v e l  
4 ). Interchangeabili ty 
5 ) I n - f l i & h t  maintenance 
G )  Line runs 
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Prelaunch ceqplex coneiderat iom 

For the purpose of t h i s  report, the following phases w i l l  be con- 
sidered as prelaunch complex considerations (ref ereno e 8 ) e 

l e  Auceptance t e s t s  a t  GAEC 
2, Acceptanoe and functional t e s t s  at launch f a c i l i t y  

a. Integrated t e s t s  
be Assembly tests 
C e  Launch pad t e s t s  

During t h i s  period which m a y  cover the major portion of a year  far any 
given vehicle ,  e q u i p e n t w i l l  be in s t a l l ed ,  t e s t ed ,  accepted or re- 
jec ted  by performance, modified, re tes ted,  etc. ,  e tc .  The freedom 
t o  do these things a re  predicted upon maximum aucess ib i l i t y  without 
prejudicing the  s t ructure  or  other  subsystems (reference 9 ) .  

5.2 Weight and balance 

S t a b i l i t y  of the LEM requires, within prescribed tolerances, t h a t  the  
CG be aligned wi th  the th rus t  axis .  This tends t o  l i m i t  t h e  looation 
of equipment i n  so f a r  as i t  will c a u ~ e  misalignment of the COe In 
order t o  circumvent, t h i s  problem, t o  a degree, the equipment should 
be, i f  possible,  so located as t o  balance out a t  t he  CG of the e n t i r e  
LEMe 
by the use of ba l l a s t .  
cated a s  c lose to  the CG a s  possible to minimize in-f l ight  sh i f t ing  
of the CG as t h e  consumables a r e  expended. An indicat ion of weight 
growth tha t  could be prohibi t ive can be gleaned from reference 10. 

This i s  d e f i n i t e l y  preferable t o  correct ing CG misalignment than 
Consumable suppl ies  o r  equipment should be lo- 

5.3 Acoustical operating leve l  

For the purpose of t h i s  report, the  acous t i ca l  requirement concerns the 
noise l e v e l  experienced by the ast ronauts  (paragraph 2 e b e L e 7  and f igure  
7 of reference 6) i n  the cabin. 
noise l eve l s  of a l l  the equipment operatine on the LEM w i l l  show what 
l e v e l  of noise each piece of equipment produces i n  the cabin 'area. 
These then w i l l  be examined f o r  combined noise l eve l s  corresponding 
t o  aoncurrently operating equipment. A c h a r t  l i s t i n g  the sound pressure 
l eve l s  a t  d i f f e r e n t  frequencies ha$ been included a s  Appendix II.* 

An overa l l  cha r t  of #the respective 

5.4 Interchangeabili ty 

Interchangeabi l i ty  of LEI4 un i t s  or modules K i t h  i d e n t i c a l  item8 in the 
CM may provide f o r  grea te r  m l i a b i l i t y ,  bu t  it does produce some 
d i f f i c u l t  problems. 
t h i s  consideration, it would be necessary t o  mount the u n i t  i n  the 
ins ide  equipment bay. 

Should any equipment be required t o  conform t o  

* A t  the present issue,, the mater ia l  f o r  inclusion i n  the cha r t  has 
not been correlated 'knd w i l l  be forthcomingcat the next revision, 



5 . 5  

5.6 

I n - f  l i c h t  maintenance 

I n - f l i g h t  maintenance a n d  i n - f l i g h t  a c c e s s i b i l i t y  are e s s e n t i a l l y  the  
same type of requirement. 
removal, and/or replacement of modules or items. 
adjustment of t he  equipment. Third, the  t r ans fe r  of consumable suppl ies  
from storaGe a reas  as they become needed (reference 11). 
these requirements are t o  be accomplished, then the  i t e m  must be lo-  
cated ins ide  the crew compartment pressure vesse l .  

These may be subdivided three  ways. F i r s t ,  
Second, i n  place 

When any of 

(reference g ) .  

Linc runs 

The lenc th  of cables and pipinc represents  another t rade-off .  Light 
weicht i n s t a l l a t i o n s  of equipment i n  a system are va lue less  (weightwise ) 
i f  the ensuinc runs more than o f f s e t  the weight advantage, Each time 
pipinp or mechanical means must penetrate  the  pressure vessel she l l ,  
it represents  a weight penalty i n  s t ruc tu re  and sealing. The relia- 
b i l i t y  of the  pressure vessel  i t s e l f  i s  fur ther  a t tenuated by each 
penetrat ion of the s h e l l .  
i c  cables which, i f  long, w i l l  produce more EMI. 
The f ' luid mass i n  the  case of pipbig and power requirements i n  the  
case of cables  w i l l  increase as the  runs grow longer. 

The above holds t rue for  c l ec t r i ca l / e l ec t ron -  
(Paragraph 4.11). 

RE PORT 

DATf  

G I U M M A N A I R C R h F T E N G I N E. E R I N G C 0 R P 0 R A T I 0 N 



R e f  e rence 

1 

6 

7 

8 

9 

10 

11 

APPENDIX I 

Table of Contents 

Ekcerpt from UM-IOM-62-47H 

Fxcerpt from Exhibit B of Contract NAS-9-llOO 

copy of LMO-340-16-004 

Excerpt from LMO-610-10 

Copy of LMO-340-18-004 

Copy of LMO-550-49 

Copy of hV0-250-34 

REPORT 

DATE 

G I U M M A N  A I R C R A F I  E N G I N E E R I N G  C O R P O R A T I O N  



18 Dccctzber 1962 
LEX- IOM-62-47H 

/ , -  . .  

I 
I 



Excerpts from Exhibi t  B of NM-9-1100 

2.2.4.2.2 Lunar Excursion Module - Equipment which i s  normally 
operated i n  t h e  pressurized cabin environment s h a l l  be 
designed t o  function f o r  a minimum of two days i n  
vacuum without f a i l u r e .  
t o  operat ion s h a l l  be a m i n i m  of 4 days. 

Time period i n  vacuum prior  

4.3.7.1 

2.4.4.7 

System Requirements - The Environmental Control System 
s h a l l  provide an unpressurized space s u i t  environment, 
provis ions fo r  space s u i t s ,  thermal cont ro l  of a l l  
Lunar Excursion Module Equipment w h e r e  needed, and 
provis ions for recharging the  por tab le  l i f e  support 
system. It w i l l  allow t h e  crew t o  open t h e i r  face  
p l a t e s  and remove t h e i r  c loves during normal operations.  
I n  the  event of decompression, the  crew s h a l l  c lose  
t h e i r  face  p l a t e s ,  don t h e i r  cloves and continue opera- 
t i o n s  unimpeded. The Environmental Control System shall 
meet the requirements imposed by egress  and ingress .  
following conditions s h a l l  be provided by the environmental 
con t ro l  system. 

The 

Tota l  Cabin Pressure (02) 5 + 0.2 psia 

Relat ive Humidity 40-70$ 

- 

Carbon Dioxide Pa r t i a l  7.6 mm Q: 

Pressure (Maximum) 

Temperature 75' 2 5' F 

I n  the  event of - - - - - - -  
Noise - The noise nonstressed l i m i t  sha l l  be 80 db over 
a l l  and 55 db i n  600 cps t o  4800 cps range. 
l i m i t  shall be t h e  maximum noise l e v e l  which w i l l  permit 
communications with the ground and between crew members 
of a l l  times. 
f i v e  7. 

The stressed 

The emerLency l i m i t  i s  presented i n  
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F r m :  F. DeRespinis, J. Urac;i?'rI-ieck 

To: LEM Dis t r ibu t ion  L i s t  "D" anti E 

Subject: V I S I T  TO TIASA-MSC-Mi GI; - CAPS CNJAVEFNL ON !UY 2 3  
AND 24, 1963. 

Reference: Memo; LTM-340-7, Ll'M-3bO-(l, LTbl-$O-12 
m; LTX-340-3 

Personnel present  a t  meeting: 
AMR Mechanical Systems Branch 

Mechanical SystemG ' J c  niclc  In tegra t ion  

Jim C. Kirkpatrick, Heaction Control System 
A 1  Branscanb 
J im Hiers, Environmental Control System 
Mort Schler,  Fuel C e l l s  

John Janokai t i s 

E l e c t r i c a l  Systems 

Ted Sasseen 

Grumrnan Aircraf t  Engineering Corporation 

Frank DeRespinis, Vehicle Design Integrat ion 
J. Uradnisheck, C r e w  Provisions 
L. J. Cemell ino,  Resident Engineer, 

Summary : 

The purpose of t h i s  v i s i t  was t o  discuss the equipment locat ion i n  the Uf.1 
and i t s  contr ibut ion t o  launch s i t e  checkout ani: maintenance. 'Pie complete 
agenda i s  included i n  LTX-340-3. 

The outstanding requirement of the fQ4h p)rrsorm21 is that  all ec-uigment be 
independently accessible  f o r  cr,ccko-dt arid f o r  possible  rcmoval while the E M  
i s  assembled with the  CM t o  the booster. Til? proposed r.quiprnciit, arrangements 
shown on LSK-340-107 and 1032 were fuvorrzbly recciveci i I i  that  they i l l u s t r a t e  
the  a c c e s s i b i l i t y  of a l l  pieces  witl.,ol;t the necessi ty  of removing another u n i t .  
Test p o i n t s  must be accessible  not on ly  on the electroi i ic  rquipment but a l s o  
on all plumbing l i n e s .  
exac t ly  how much time i s  required t o  make a change o r  a repa i r .  
s t r e s s e d  s t r i n g e n t  requirements for  on-the-pad a c c e s s i b i l i t y  t o  LEM. 

The personnel must be able t o  tr11 t h e  Launch Off icer  
AMR personnel 

This 
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1 
would put  added requirements on tlic. nc:sFtcr dc-sign t o  provlt .e siil'fi c i cn t  
access panels t o  the LEN vehicle  ari I o x c  ifiside the ac!a?ter ',o provicie means f o r  
access t o  each system. They WelbCnC~i i::e opport-mity t o  d;scuss the equipment 
arrangement and i t s  a c c e s s i b i l i t y  a?, tliis time. They a r e  looking forward t o  
a d d i t i o n a l  discussions with spec i f ic  system engineers when f u r t h e r  de ta i l s  a re  
uncavered. 

Electronic  Equipment: 
r a t h e r  than removing the e n t i r e  cablc i~uncile. 

Fau l ty  or b r o l ~ : i  wl r, s ~:11 be i n d  iv i c iun l ly  replaced 
Mercury telemetry units and 

t ransducers  have been replaced at lras+, tt,rcrt t i m e s  p r i o r  t o  R launckl S O  those 
units must have choice access locatio:,s. ha ther  then replace a m o d u l e ,  o r  tile 
smallest inherent ly  replacable assembl:f, or make other r t p a i  rs t o  a n  installec? 
black box, the  e n t i r e  black box nonxtlly would be removeG t o r  fau l t  i s o l a t i o n  
and r e p a i r  on the bench, 
i n  the  vehicle .  

It must be remembered, however, that  w , i i i c I  this ',ecluiique is preferred it i s  
based on Mercury ex-perience where access i s  ol'+,cn less tnar, marginal and f a u l t  
I s o l a t i o n  i n  the  vehicle d i f f i c u l t .  ;.- 7,: c I I  f !c>ctricai connectors a r e  known 
t o  be troublesome they h o w  of no oL.5~ r IT T U  : > : t i  is:?ctorily provide quick 
disconnection. Wire wrapping ( a  n i ~  I y l  1 0  1 i; ic  ti vi; f o r  I L ~ I )  i ~ ;  b r ing  
introduced t o  them but they have ha,, 110 ex!wL~..i~ce in trie pas t  011 which t o  make 
judgement. It i s  preferred tl;at wc rlo not  color  codt w i r e s  o r  boxes. The use 
of white wires with black code nmtxr : ;  i F, ( ' t  s i red .  Black boxes w i t ! )  a lable 
showing name, s e r i a l  nuuiber and ot!,er Ijcrt,;r.ent in fomat ion ,  as required by 
spec i f ica t ion ,  i s  s u f f i c i e n t  f o r  idec:ification. 
p r i o r  t o  l i f t - o f f  so access t o  thesc- i s  mniiintory. 

A f resh  c l ~ c - , - c l - m t  b l a c ~  box would be i n s t a l l e d  

E'rc sh  b a t t e r i e s  a r e  i n s t a l l e d  

Mechanical Equipment: Tile most t r o l i l ~ l ~ - s c ! ~ ~  ;t.cms r'rom <ill zmi rces  is  t h a t  af 
r o t a t i n g  equipment and check valves. \$e canzot assi;n;t that I.&)? ca;ri:onents of 
these  types w i l l  be s i g n i f i c a n t l y  1c:ss troublesome anti 1 r i d . ;  7 ::? : I.-IY:~'OP i ( 1  

i n s t a l l e d  f o r  ready removal. 

Cold P la tes :  The personnel have I n .  I I m i t i ~ l  ~ ' x p  r iencc w i t h  cold p l a t e s  I I~ . : ,  
those i n  Mercury have had numerous problrms, i .e . ,  th? system uscd water as a 
coolent which boiled off t h r u  orif ' ,ccs wliich have 1)ec.n prone t o  become plu&ged. 
The boxes were bolted d i r e c t l y  t o  the cold FlatcG wittiout t,he use of a thermal 
conductor. I n  other  cases they were bolted d i r e c t l y  t o  t h e  s t ruc ture .  A 
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means f o r  quickly rehloving our glycol 1'ncr. f rm t! . r .sc  Illatc :; arxl :,.e p la ' x s  
themselves i s  highly des i rab le .  They p a t  ( 1  8 q u  on i'm o:.r co!,sirleration: 
I f  a l l  cold plates are connected i n  z;criri:, aIi(l t!,c outlet t cx le ra ture  of the 
g lycol  i s  t o o  high, how will a fau l ty  r l a ' ~  :'e i so la tcd  and  rtmoveci: 

Inc iden ta l  Observations: 

A T i t a n  I1 missile launching which achievr$L a record Ci,COO mile range w i t h  a 
record warhead payload a t tached  w a s  witnessed. 

We v i s i t e d  blockhouses, t he  Mission Control Center and the S-U? A r m i n E  
Tower. 

We observed the  capsules useci by Astroiiaut Wal',er I : .  L;~:.;i-r:C mid by Astronaut 
Gordon Coaper. *We also s a w  the MA-10 ca2suic In rtaci:r.e;:- i'or tkle next launck, 
i f  and when. The hea t  sh ie ld  from ScL. ! r ra l s  carsiiic was r r m m e c !  arid w a s  being 
k i g h e d  for  determination of ablpted material. 

We observed a space and e a r t h  simulator consist 'nb; 01' a 
segment on which was projected clouci i'ormatiolls ;mi t I $ (  cart 66-ograpny. This 
demonstration w a s  presented a t  niglit f o r  v i s i b i l i ' , )  c Ziec -:, . 

1 :'oat diameter sphe r i ca l  

One Copy of the  following drawings were left w i t h  Zoe J a i o k a i t i s .  

LSK-340-107 
LSK-340-1032 
LSK-280-10041 General Arrangcment 
LSK-288-10047A General Arrangement 
LSK -280 -10060 General Arrangement 
No number dwg. 

Inboard Prof j IC!, Crew Provis ions,  Cabin Area 
Equipment Arrangement, I n t .  eC Ext. Bay 

General Arrangement, Aft  Equipment Bay 

cc: John Marshall - Q. C. 
H. J. Marx 
J. J. Maylan 
F . DeRe s p i n i  s 
T. H. Worman 
L. J. Cerve l l ino  
P. Gardener 
E. T. Barron 
P. H e w i t t  



GRUMMAN AIRCRAFT EKGINEZRDiG CORPORATION 

U M  Memorandum 
I 

I Fran: D. C a R w ,  ~1521 I 

To: IJ3M Dis t r ibu t ion  Lists "D" , "E", "J" 
RASPO, Be thpge  

ATIAMlIC MlSSIIE RANGE P l i E ~ ~ ~ X X  W C X D V T  PULI? FOR LEM Subject: 

SUmmary: 

A general checkout plan f o r  the IEM vehicle is presented i n  the f o l l a r l n g  
dlecuesion and accompanying tab le .  
but rather 86 bacic  plan that is adaptable t o  the modification6 ~ c e s s a r y  
t o  meet the following object ives:  

It i s  not intended 86 a r i g i d  document 

1) Functional and perfcrmence ve r i f i ca t ion  of the IEM system pr io r  t o  
in t eg ra t ion  with the  CM/SI4. 

2) Functional and perfonnance verification of the IEM system and i n t e r -  
module In te r faces  when Integrated with the  WSM. 
Functional ve r i f i ca t ion  of the I%M system and in te r faces  a f t e r  assembly 
of the space vehicle. 

3) 

4) A f i n a l  v e r i f i c a t i o n  that the  IEM w i l l  perfom according to design 
spec i f i ca t ions  just pr io r  t o  i n i t i a t i n g  countdown. 

The general checkout plan w i l l  be implemented by more detailed checkout 
plans wNch W i l l  specify the tests t o  be performed on each LEM subsystem, 
the test RqUirements, and the variat ions from the  general  pZan for each 
s p e c i f i c  IEM. 

This memorandum i s  In g e n e d l  agreement wlth the " A p o l l o  System Checkout 
Requirement Specif icat ion" dated March 25, 1363 and issued by NASA, IGC. 
Where it depart6 from the NASA document, it does so t o  aS6Ure a more 
complete and expeditious checkout of the IEM s y s t e m  p r i o r  t o  space vehicle 
essembly. 

! 
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* 
General Di scusaion 1 

The primary purpose of a l l  pre-launch operat ions i s  t o  achieve maximum 

assurance of as t ronaut  s ~ f e t y  cLnd spacecraf t  func t iona l  operat ion f o r  

t h e  durat ion of t h e  micsion. 'This test  p lan  ind ica tes  t h e  tests 

required on t h e  LEM syGten sub3equent t o  Its arrival a t  AMR and p r i o r  

t o  launch. Early LDl  vehiclec,which are incomplete systems and there- 

f o r e  requi re  modified tes t ing ,  w i l l  be tested i n  accordance with t h e  

appl icable  portions of t h i s  t e s t  plan. 
r 

Re-launch operat ions nn;. be divided In to  t h e  follarlng tests:  

1) Acceptance and 14.i;ictiorial 'I'ests 

2 )  In tegra ted  Tests  

3 )  Assembly Tests  

4) Launch Pad Tests 

I n  t h i s  s e r i e s  of t e s t s  each oub-system s h e l l  be verified down t o  that 

level poss ib le  without removal of equipment. These tests, however, w i l l  

not  probe deeper than uni t  replacement level. ,The t o t a l  eyetem shal l  be 

exercised through all modes of operation and all redundancles s h a l l  be 

Isolated and v e r i f i e d .  

Test  Schedule 

A pre-launch t e s t  schedule showiw the  t e s t  l oca t ion  and giving 

estimates of t h e  time required f o r  each test is presented on page 6, 

Constraints  

P r io r  to co::irne:lcement of px - l aunch  operatlone at AMR, the LEX system 

w i l l  undergo ucce;tiLrLI:e tcsLir;g a t  ChEC's Bethpage f a c i l i t y .  The 

discrepancies  noted i n  tiiesct t e a t s  will be enumerated along v l t h  the  

cor rec t ive  ac t ion  t:iki.n t o  (:~iirnlriote them. 

I 

The LEM system del ivered t o  

R f P O l T  
DAW 
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5. Eciu:;r.:ent ~ ; i ~ - k  is io be .J,et;isoned or. ::,e lunar surface w : l l  be installed 
i n  the descent stcigt' to avoid tie dead w c l l ; r . t  of its strtcturai s q p o r t  on ascent .  

Info CC:. J. Pbylan 

. 
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GRUMMAN AIRCRAFT ENGINJERING CORPORATION 

r 

LEM MOMOR/UIMTM 

From: E;. Norm 

To : L. Ar::imi 

Subject: KLIGiiT C0;JSIDERATIONS AS A FUNCTI:ON OF LEM EQUIPIIENT 
FAILLEG- DETX'EON CAPABILITY. 

Reference s : ( a )  Procurement Specif icat ion-  Modulation System, 
Pulse Codc, C a r q - - ! h  (PCM) N U /  S & I D  blC9Ol-0141 
dated 1 April  1963. . 

(h) A ~ T J < s o ~ ~  C.r~lq cy? R e l i a b i l i e  of Elcctronic 

Eq,i-ipr?.nt, Dcpt. of Defense, Minutes of :"r-hth 
k e t i r q  of Task Group No. 9, 1 October 1956, pp. 19-34 

Xnclosure : ( A )  Fcrcent Faliures Located vs. Percent Wei{$t 
Radar S e t  Automatic Tester. added for AIJ/APG-30 

It has c o : . ~  t o  t l i r  a t t e n t i o n  of the LE31 R e l i a b i l i t y  Control. Group 
tknt  r~ i- x r - L i : i l  pi*clLLe;n area cxLsts with respec t  t o  the  f a i l u r c -  
d~ tc i : t ; u . i  ca:mb;litics of t?ic PCi: (car ry-on  GSE). 
i n  rc . , ' I  ~-t>, .cc  ( a )  t h a t ,  "Tile :ystc-m s h a l l  be of  such design and 
construct ion tha t  t l c  probat ility of detect ing a spacecraf t  equi1)ment 
fa i l t i re  will be 0.9(;Q?." TIE problem nriscs because of the addi t iona l  
m i g h t  rcyuired t o  scpIlort this c a p a b i l i t y .  

It i s  s t a t e d  

An mctlycir; h:is k c c n  r ~ ~ i t c  ( r e e  crxlosurc A )  based on the AN/APG-30 
study. 
proba3i l i ty ,  175 airborne t e s t  points  would be required.  Tmsc  175 
t e s t  pints would acid 104 t o  t n c  weight of  t h e  equipment according 
t o  reference ( b ) .  

%is study disclozed t h a t  f o r  a 0.8896 fa i lure-de tec t ion  

Tile addi t ion w a s  ca lcu la ted  on t h e  b a s i s  of :  

l e i 5  two f o o t  t e s t  leads 
w/clamps, lacing,  binding 
posts,  e t c .  7 lbs. 
Four connectors 1 l b .  
Sensors 3 lbs. 
Total  weight 11 Tbs .  

The addi t iona l  fuel required i s  equal  t o  11 x 6.8 or 74.8 lbs .  f o r  
a grand t o t a l  of 85.8 l b s . ,  which is equal  t o  t h e  weight of t h e  
o r i g i n a l  equipment. 
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Extrapolation of t h c  reference ( h )  du ta  reveals .  that for  a 0.9993 
f:lilurc-dctcc t ion  p robab i l i t y ,  an ab:;olut;c nin inun: of  1 3  add i t iona l  
t e s t  p i n t s  woqld LE required rcsclltin,: i n  a ~ : t - ; ; ~  t incrcnsc 
of 173 percent rLr.i.r I X .  
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Enclosure ( A )  
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